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1.0 INTRODUCTION   
 
The Lawrence Brook watershed is tributary to the North River on the northern side, just 
downstream of Peabody Square and upstream of the Salem border (Figure 1). Between 
2017 and 2018, the watershed was evaluated to assess alternatives for mitigating 
flooding in the lower reaches of the watershed in the vicinity of 45 Walnut Street 
(Century Tire).  This assessment identified a preferred alternative of installing a new 
stormwater outfall to the North River, upstream storage, and green Low Impact 
Development (LID) features including bioretention basins, porous pavement, and tree 
filters (Figure 1).  This Preliminary Design Report (PDR) describes design elements for 
the new outfall and associated new drain pipe, as well as preliminary considerations 
regarding design of the upstream storage and green LID components.   

2.0 FIELD INVESTIGATIONS AND DATA COLLECTION  
 
Investigations performed for this project consist of physical survey, collection of 
geotechnical data and review of available records. These efforts are described in the 
text below. Prior to performing the physical survey and geotechnical data collection 
work, a notice was provided to all abutters to alert residents of upcoming field work. 

2.1 Physical  Survey  
 
Physical survey work was performed by Hancock Associates, Inc. under subcontract to 
AECOM, in November, 2018. Topographic and utility surveys were performed for the 
project areas including along Walnut Street, Paleologos Street, Connolly Park, Connolly 
Terrace and Melody Road. Existing conditions plans were generated by Hancock 
Associates and incorporated into the preliminary design plans included in this report. 

2.2 Geotechnical Data  
 
A subsurface investigation program was performed to collect data necessary to support 
the project design. Geotechnical data collection was performed by Terracon 
Consultants, Inc. under subcontract to AECOM in November, 2018. Nine test borings 
were drilled ranging in depth from 9 to 22 feet; an AECOM geotechnical engineer 
�R�E�V�H�U�Y�H�G���7�H�U�U�D�F�R�Q�¶�V���F�R�Q�G�X�F�W���R�I���W�K�H���E�R�U�L�Q�J�V. In some locations, in-situ permeability 
testing was performed to observe the hydraulic response in upper soils, and laboratory 
testing of soil samples was performed to obtain the engineering properties of the soils. 
A summary of the subsurface investigation program is provided in the Geotechnical 
Design Memorandum presented in Attachment A, including boring logs, falling head 
permeability test data and soil sample laboratory testing results. 
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2.3 Review of Available  Records  
 
Data collected and reviewed includes the following: 
 

�x South Essex Sewerage District (SESD) record drawings for Contract 71-3 of the 
SESD interceptor (sewer) showing information for the 78-inch diameter Class V 
reinforced concrete sewer. The record drawings were prepared by Metcalf and 
Eddy and are dated April 7, 1975. 
 

�x Shop drawings showing cross-sectional details of the 78-inch SESD sewer. 
 

�x Various utility as-built drawings provided by the City. 
 

�x Record drawings for North River Canal �± North Wall Rehabilitation Project, 
prepared by Weston & Sampson Engineers, Inc., dated June 2008. 
 

In addition, the City Department of Community Development reviewed City records 
regarding ownership of the parcels between Walnut Street and the North River, where 
new storm drain pipe is proposed. 

2.4 Parcel Ownership South of Walnut Street  
 
The City confirmed the ownership of the area between Walnut Street and the North 
River where new storm drain pipe is proposed.  This segment of the proposed 
alignment is not a City street, but is instead comprised of privately owned parcels.  The 
City would need to get the assents of the four abutters to the thirty (30) foot wide ROW 
to install the new storm drain pipe. 

2.5 Railroad Tracks  
 
The railroad tracks that parallel to the North River along the northerly side are active, 
and they are owned by the Massachusetts Bay Transportation Authority (MBTA). Pan-
Am Railways operates and maintains the tracks.  
 
Multiple communications and a site visit occurred with representatives from Pan-Am to 
identify their requirements related to work near and under the tracks. The following 
information was provided by Pan-Am: 
 

�x Pan-Am recommends the tracks in the area of the proposed culvert construction 
be temporarily taken out of service, removed and then replaced with new 
materials after culvert construction is completed. This will allow the culvert 
crossing of the tracks to be performed by open cut. All work related to track 
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removal and replacement would be performed by Pan-Am and paid for under this 
project. Pan-Am provided a cost estimate for this work which totals approximately 
$90,000. 
 

�x It is anticipated that construction of the culvert crossing in the vicinity of the 
railroad tracks and the SESD sewer would require multiple weeks.  Removing the 
track from service to its customer, Rousselot, for this period of time will require 
that alternative accommodations be made to provide delivery services.  The cost 
�R�I���W�K�H���D�O�W�H�U�Q�D�W�L�Y�H���G�H�O�L�Y�H�U�\���Z�R�X�O�G���E�H���W�K�H���&�L�W�\�¶�V���U�H�V�S�R�Q�V�L�E�L�O�L�W�\�������$�Q���D�O�O�R�W�P�H�Q�W���K�D�V��
been included in the cost estimate in Attachment C for the alternative delivery, 
although consultation with Rousselot during the next phase of design is needed 
to confirm the cost that would be incurred.    
 

�x A minimum of 1-foot below the tracks is required for ballast.  
 

�x The culvert crossing under the tracks must be capable of withstanding Cooper E-
80 loading. 

 
�x The City will need to obtain a License Agreement from MBTA for work on railroad 

property 
 

�x �%�D�V�H�G���R�Q���W�K�H���&�L�W�\�¶�V���U�H�Y�L�H�Z���R�I���S�D�U�F�H�O���U�H�F�R�U�G�V����the existing utility easement along 
�³�3�D�O�H�R�O�R�J�R�V���6�W�U�H�H�W�´���V�R�X�W�K���R�I���:�D�O�Q�X�W���6�W�U�H�H�W���H�Q�G�V���D�W���W�K�H���5�D�L�O�U�R�D�G���S�U�R�S�H�U�W�\���O�L�Q�H������
Therefore, the City would need to obtain a License Agreement from MBTA for 
work on railroad property.   
 

�x The construction contractor must carry railroad liability insurance. 
 

�x Materials to build the new railroad tracks have a typical lead time of 3 to 4 
months from time of order to delivery. 

2.6 SESD Sewer 
 
A 78-inch diameter Class V reinforced concrete sewer exists on the north side of the 
railroad tracks and runs parallel to the tracks and the North River. SESD 
representatives were consulted to identify their requirements for work near the sewer. 
The following information was obtained: 
 

�x The sewer is owned and maintained by the SESD, and SESD has a right-of-way 
�I�R�U���W�K�H���'�L�V�W�U�L�F�W�¶�V���H�[�F�O�X�V�L�Y�H���X�V�H�����$�Q�\���Z�R�U�N���Z�L�W�K�L�Q���W�K�H���U�L�J�K�W-of-way must be reviewed 
�D�Q�G���D�S�S�U�R�Y�H�G���E�\���6�(�6�'�¶�V���O�H�J�D�O���U�Hpresentative. 
 

�x The culverts must be designed so that no loads are transferred to the SESD 
sewer. 
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�x If any work is to be performed on the SESD sewer, SESD must perform the work.    

3.0 OUTFALL  DESIGN 

3.1 General Description  
 
Drainage from the Lawrence Brook watershed is currently conveyed primarily through 
two 30-inch diameter drains which cross Walnut Street at Upton Street and extend to a 
4-foot high by 5-foot wide box culvert that discharges into the North River approximately 
250 feet upstream of Paleologos Street. This project will provide a secondary path for 
drainage to reach the North River through a series of new drainage pipes and culverts 
that will extend east along Walnut Street to Paleologos Street, and then south along 
Paleologos Street to a new discharge outfall into the North River (see Figure 1). A plan 
and profile showing the preliminary design elements of the proposed drainage system 
are provided on SK-1 and SK-2, respectively, presented in Attachment B.  
 
A transition structure (DMH Sta. 0+00) will be constructed on top of the two 30-inch 
drains in Walnut Street. Four, 12-inch diameter drains will be connected to the east side 
of DMH Sta. 0+00. When the flow elevation in DMH Sta. 0+00 reaches approximately 
1.2 feet above the invert of the 30-inch pipes, drainage will begin to flow into the four 
12-inch pipes which will extend approximately 130 feet east along Walnut Street to 
another transition structure (DMH Sta. 1+32). A 2-foot high by 4-foot wide culvert will 
exit DMH Sta. 1+32 and extend approximately 55 feet to DMH Sta. 1+85 at the 
intersection of Walnut Street and Paleologos Street. The 2-foot high by 4-foot wide 
culvert will then extend approximately 340 feet from DMH Sta. 1+85 along Paleologos 
Street to its discharge point at the North River. The most downstream section of the 
culvert will cross over an existing 78-inch SESD sewer and then cross under existing 
railroad tracks prior to discharge at the North River. The depth of the culvert at the 
downstream end is limited by the elevation of both of these crossings.  
 
Presented below is a discussion of key design elements incorporated into the 
preliminary design of the new drainage system. 

3.2 Box Culvert  
 
The 2-foot high by 4-foot wide culvert will be constructed of precast sections installed to 
depths ranging from approximately 5.5 feet to 7 feet below the ground surface. In most 
locations, the culvert will be constructed on 12 inches of screened gravel bedding. The 
reinforced concrete design thickness will vary depending on loadings. The typical 
thickness will be 8 inches on all sides for standard H-20 loading. For the railroad 
crossing where Cooper E-80loading is required, the thickness will be 8 inches on the 
sides and 10 inches on the top and floor slab. A typical cross section of the precast box 
culvert is shown on SK-3 in Attachment B. 
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The 1-foot spacing between the edge of culvert and side of trench will be backfilled with 
controlled density fill (concrete) to the top of the culvert. This will eliminate the need for 
compaction in areas of limited space below the top of the culvert.  
 
Except where noted below, paved areas above the culvert will comply with City 
requirements for pavement in City roads, which consists of 5 inches of pavement in two 
courses underlain with 12 inches gravel base course on top of select borrow extending 
to the top of the culvert. In unpaved areas, a minimum of 6 inches loam and seed 
underlain with bank run gravel to the top of the culvert is recommended.  
 
Because of limited available cover, a short stretch of approximately 15 feet of culvert in 
Walnut Street may not have the full 12 inches of gravel base. 

3.3 12-Inch Diameter Drains    
 
Due to limited cover at the upstream end of the work, drainage will be conveyed by four 
12-inch polyvinylchloride (PVC) diameter pipes for approximately 130 linear feet. The 
pipes will be constructed in the same trench with an approximately 8-inch separation 
between pipes. The pipes will also be constructed at the same elevations and grade. 

3.4 Drain  Manholes   
 
The drain manholes will generally consist of 8-foot by 8-foot precast vaults. Inverts and 
benches will be formed with concrete or brick and will be curved where required to 
provide smooth transition of flow from inlet to outlet pipes or culvert. Existing drains 
along Walnut Street that are to remain in service will be connected to the new drain 
manholes. 

3.5 Utilities  
 
Relocation of utilities will be required, including water, gas and sewer pipelines. 
Presented below are known utilities that will need to be relocated or replaced to 
accommodate the proposed drainage facilities.  
 

�x Approximately 185 linear feet of 15-inch drain in Walnut Street will be replaced 
by the new 12-inch drains and 2-foot high by 4-foot wide culvert. 
 

�x Approximately 160 linear feet of 12-inch sewer in Paleologos Street will be 
relocated. 
 

�x Approximately 175 linear feet of gas line will be relocated in Walnut Street. 
 

�x A gas pipe will be relocated where it crosses over the culvert in Paleologos 
Street. 
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�x A water main will be relocated where it crosses over the culvert in Walnut Street 

near Paleologos Street.  

3.6 SESD Pipe Crossing  
 
The culvert must cross over the 78-inch diameter SESD pipe without transferring any 
loads to the SESD pipe. To accomplish this, a span of culvert approximately 12-feet 
long will be supported by micropiles located on each side of the SESD pipe. The 
micropiles will be 10.75-inch diameter cement grout with reinforced steel casing and 
drilled to an approximate depth of 50 feet.  Each pile will have a factored resistance of 
40 tons. The top of each pile will be tied into a cast-in-place reinforced concrete pile cap 
which will provide a platform to support the culvert where it crosses over the SESD pipe. 
The design allows an approximately 3-inch clearance between the bottom of the culvert 
and the top of the SESD pipe. An estimated maximum settlement of 0.5 inches is 
expected. Although no more than 0.5 inches of settlement of the pile supported culvert 
is expected at this location, the 3-inch space will be filled with a compressible material 
to ensure no loads are transferred to the SESD pipe. Cross sections of the SESD pipe 
crossing, including estimated pile cap dimensions, are shown on Section A-A and 
Section B-B presented in Attachment B. 
 
During the next phase of design, one 60-foot deep boring is recommended at the 
approximate location of the micropiles to confirm the subsurface ground conditions and 
allow for appropriate design of the piles. In addition, a vacuum excavation is 
recommended to confirm the elevation of the top of the SESD sewer at the proposed 
culvert crossing.   

3.7 Crossing of Railroad  Tracks , Steel Sheeting and Granite Block Wall  
 
The culvert crossing underneath the railroad tracks must be designed for standard 
railroad loading, commonly �U�H�I�H�U�U�H�G���W�R���D�V���³�&�Ropers E-�����´���O�R�D�G�L�Q�J�����$�(�&�2�0��
communicated with a culvert manufacturer/supplier to confirm that their culverts can 
meet Cooper E-80 loading. For this application, the culvert must have a minimum of 18 
inches of cover under the railroad tracks, and the culvert roof and floor slab must have a 
minimum 10-inch thickness, compared to an 8-inch thickness for standard H-20 
highway loading. These features are incorporated into the preliminary design. 
 
Approximately 2 feet south of the southerly railroad track, vertical steel sheeting is 
located parallel to the track. The sheeting extends a minimum of 25 feet below grade. A 
portion of the top of the steel sheeting, approximately 24 square feet, will be cut and 
removed to accommodate the culvert passing through. 
 
A granite block wall exists a few feet south of the steel sheeting, and forms the northerly 
bank of the North River. The granite blocks will be removed to allow culvert construction 
and will be re-installed around the culvert perimeter.  
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The above referenced railroad track, steel sheeting and granite block culvert crossings 
are shown on Section A-A.    

3.8 Scour Protection  
 
Scour protection for the river at the culvert outlet will be investigated in the next phase 
of the design.  The conveyance Best Management Practice (BMP) discussion Chapter 3 
of the MassDEP Stormwater Handbook indicates that discharge velocities greater than 
5 feet per second (ft/s) are those that will result in scour.  Modelling results, discussed 
further below, indicate that the discharge velocity at the outfall is anticipated to be less 
than 5 ft/s for the smaller 1-year and 2-year storm events, but higher than 5 ft/s for the 
10-year storm and higher.  During final design, options to incorporate velocity 
dissipation devices within the discharge pipe will be investigated in order to avoid the 
need to place rip-rap in the North River. 

4.0 UPSTREAM UNDERGROUND STORAGE 
 
Upstream storage is proposed in the form of an underground storage system in 
Connolly Park in the upstream portion of the Lawrence Brook watershed. The storage 
would receive flow during storm events, and then discharge the flow back to the storm 
drain system after the peak of the flow. The tank is sized to hold approximately 50,000 
cubic feet of water, which is equivalent to the stormwater flow predicted for the 2-year 
design storm.  During the preliminary design, survey information was obtained and three 
borings were conducted in Connolly Park in order to further evaluate the feasibility of 
constructing an underground storage system in the park. AECOM used this new 
information as well as information provided by product vendors to develop a preliminary 
sketch of the proposed storage system, drawing SK-4 presented in Attachment B. The 
�I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�V���G�H�V�F�U�L�E�H���$�(�&�2�0�¶�V���H�Y�D�O�X�D�W�L�R�Q���R�I���&�R�Q�Q�R�O�O�\���3�D�U�N���E�D�V�H�G���R�Q���V�X�U�Y�H�\���D�Q�G��
boring findings, as well as the proposed underground storage system. 

4.1 Subsurface Investigation  
 
The survey conducted by Hancock Associates shows that drainage from Connolly 
Terrace enters Connolly Park through a deep manhole located approximately 15 feet 
north of the retaining wall at the northern border of the park. The surveyor was unable to 
determine where this drain line connects downstream. AECOM is working under the 
assumption that the drain line continues across the park and connects to the drainage 
going into Northend Street to the south. The survey also shows that there is an existing 
sewer line that runs north and south through the middle of the park. The proposed 
storage system has been located to the west of the sewer line in order to avoid any 
conflicts. AECOM recommends that drain lines bordering and within the park be 
evaluated by use of closed circuit television (CCTV), to check the condition of the 
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existing pipes and to  check the connectivity between the proposed underground 
storage system and the existing drainage system. 
 
The borings in Connolly Park revealed that the park subgrade has low permeability soil, 
rock is present, and groundwater ranges from 1 foot to 4.25 feet deep.  Due to these 
findings, AECOM believes that infiltration will not be practical as part of an underground 
storage system. Instead, it is recommended that the proposed system be detention 
only. Rock was found at a depth of 4.9 feet in Boring B-4 and at a depth of 10.5 feet in 
boring B-5. No rock was encountered in boring B-6 which ended at a depth of 16 feet. 
From this information it appears that ledge is present in the northern portions of 
Connolly Park, but not in the southern portions of the park. AECOM believes that the 
majority of rock can be avoided by locating the underground storage system along the 
southern limit of the park. AECOM recommends that additional borings be conducted 
during the next design phase to confirm the absence of rock at the proposed storage 
location.  

4.2 ChamberMaxx Retention System  
 
The preliminary design of the underground storage system is based around a product 
by Contech called ChamberMaxx. Additional information on the system is included in 
Appendix D.  This system consists of corrugated plastic halfpipes that are buried inside 
a 42 inch tall envelope of porous crushed stone. The proposed system consists of 650 
halfpipe chambers arranged in a 220-foot by 110-foot area providing a storage capacity 
of 50,000 cubic feet. Approximately 275 feet of new drain line will be installed to divert 
flow into the storage system, and then back into downstream drainage at the southern 
limit of the park. The sewer line in the park will need to be crossed at least once as part 
of the proposed drainage. The system can be arranged in many configurations, and the 
final dimensions will be determined during the 90% design. Due to the presence of a 
high groundwater table (water was encountered at a depth of 3 feet in Boring B-6). The 
system will require a liner to keep the groundwater out.  
 
AECOM had originally recommended the ChamberMaxx system because it was 
believed the system would provide significant cost savings over other storage systems. 
However, with the additional information on the subsurface conditions in Connolly Park, 
and after advancing the preliminary design, it is our opinion that the ChamberMaxx 
system will be more expensive to construct than initially anticipated in the Conceptual 
Design Memorandum. Factors that contribute to the increased cost include additional 
earthwork required based on the survey of the park and the storage system location, 
installing additional features such as a bottom liner associated with the presence of high 
groundwater, as well as costs for disposal of excess material offsite. AECOM recently 
learned that Connolly Park used to be the site of a landfill, which raises concerns about 
the potential for contaminated materials in the park substrate. AECOM recommends 
that environmental borings be performed during the next design phase to help inform 
what the costs of hauling material offsite will be.  
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4.3 Alternative Storage System s 
 
AECOM has also investigated alternative underground storage systems including 
installing a system comprised of a series of concrete storage vaults. Like the 
ChamberMaxx system, the concrete vaults would require a pond liner in order to keep 
groundwater out. The concrete alternative would also require a concrete floor slab 
underneath the vaults, to counteract buoyancy issues, which would prove difficult to 
construct considering the high groundwater. Overall the concrete alternative poses 
additional design challenges as well as higher construction costs. For the above listed 
reasons, AECOM does not recommend using a concrete vault style underground 
storage system.  Additional alternative underground storage products will continue to be 
investigated during the next phase of design. 

5.0 UPSTREAM GREEN LID BMPs 
 
Upstream Green Low Impact Development features are proposed in the upstream 
portion of the Lawrence Brook watershed to aid in mitigating flooding as well as 
enhance water quality.  Two bioretention basins are planned; one is proposed at the 
existing cul-de-sac on Melody Road, and one is proposed along Connelly Terrace in an 
area that was previously occupied by a cul-de-sac.  In both locations, the basin design 
would accommodate continued access to adjacent private properties; the exact 
configuration of the basin and associated accommodations for private access will be 
determined during the next phase of design. In addition, porous pavement and tree box 
filters area proposed on the sidewalks along Connolly Terrace.  The locations of these 
BMPs are shown on SK-5 presented in Attachment B.   
 
As part of the field data collection effort, survey data was collected and geotechnical 
borings and infiltration testing was conducted at the proposed Green LID BMP 
locations.  Borings B-1, B-2, and B-3 were located in the vicinity of the proposed BMPs 
(see boring locations on SK-5 in Attachment B). 
 
As noted in the Geotechnical Design Memorandum in Attachment A, based on the 
shallow bedrock conditions encountered, the moderate to low permeability of the 
underlying soils, and (most notably) the relatively shallow groundwater table (between 
3.0 and 5.0 feet below ground surface), the proposed locations are not suitable for 
groundwater recharge BMPs. It is important to note that these water depth 
measurements do not represent spring high water levels (which the permit criteria for 
infiltration BMPs require), which might be higher.  In any event, the groundwater levels 
documented are sufficiently high that infiltration at these locations is not feasible.     
Although originally envisioned as infiltration BMPs, the proposed BMPs can be modified 
to provide only water quality treatment and some minor retention. The two bioretention 
basins would be designed to function solely as organic filters.  A filtering bioretention 
basin includes an impermeable liner and underdrain system that conveys treated 
stormwater to a discharge outlet, another downstream BMP, or the municipal storm 
drain.  The proposed tree boxes could be designed in a similar fashion. Stormwater 
runoff would enter the BMP through a curb-inlet opening or pipe and flow through a filter 
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(treatment) media and then into an underdrain system before discharging to the storm 
drain. 
 
Design of these BMPs is proceeding under a separate task, and the design will be 
provided for review when complete. 

6.0 MODELING UPDATE 
 
During the Conceptual Design completed in 2018, several stormwater outfall alignments 
were explored. Optimization 2a included a 2-foot by 4-foot box culvert with a flap valve 
along Walnut Street, and a 3-foot by 5-foot box culvert along Paleologos Street from 
Walnut Street to a new outfall at the North River. Based on discussions with the City, it 
was agreed that Optimization 2a offered the maximum flood mitigation benefit of the 
alternatives evaluated, and was selected for additional model runs with BMPs, storage, 
and the full North River watershed-wide SWMM model. 
 
As previously described in this memo, additional survey was performed throughout the 
project area in 2018. During this survey, the actual rim and invert elevations for the 
existing drainage network were obtained. After processing the survey data, the design 
for the outfall was modified. The outlet invert elevation was lowered, the slopes were 
decreased, the culvert on Paleologos Street was changed to a 2-foot by 4-foot culvert, 
and the invert elevations throughout the culvert network were modified based on the 
new slopes. Infiltration testing and geotechnical borings were conducted at the BMP 
locations in the fall of 2018. Bedrock and low infiltration rates were found in the area of 
the proposed green infrastructure systems, (see Attachment A), which removes the 
possibility of infiltration for these systems.  
 
Due to these changes in the design, additional model simulations were performed to 
better represent the existing conditions. Infiltration was removed from the green 
infrastructure systems, and the box culvert sizes and slopes were updated to reflect the 
change in design. During the conceptual design modelling, the Huff rainfall distribution 
was used because it is built into the SWMM model software and allows for different 
rainfall durations.   For the modelling conducted as part of this preliminary design report, 
the rainfall distribution was changed from the Huff distribution to the Atlas 14 rainfall 
distribution for the northeast United States.  Atlas 14 has become more widely accepted 
and is believed to be the best information available for simulating rainfall distribution 
under current conditions in the northeast United States.  One additional change was 
made to the modelling approach for the PDR, which involved using the1st quartile 
rainfall distribution   rather than the 2nd quartile distribution .Based on Atlas 14 
documentation for the Pennsylvania - New Jersey area, storms with durations of less 
than 6-hours are slightly more likely to occur in the 1st quartile.  In addition, the 1st 
quartile has a higher intensity rainfall than the 2nd quartile. 
 
Table 1 is a summary of the updated model results and Figures 2 through 5 illustrate 
the extent of flooding under existing and proposed conditions. 
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Scenario  Design Storm  Estimated 

Peak 
Flood 
Depth 

(Feet)1,2,3 

Estimated 
Total 
Area 

Flooded 
(acres)  

Existing Conditions  1-year, 60-minutes 1.3 0.81 
2-year, 60-minutes 1.7 1.69 

New Outfall with Upstream Green 
BMPs and Storage  

1-year, 60-minutes 0.4 0.13 
2-year, 60-minutes 1.1 0.82 

1.  Peak Depth at 45 Walnut Street/ Century Tire 
2. Note that results are the same for typical low and high tides 
3. These are results from the full SWMM model covering the entire North River 

watershed 

 
The design storms modelled with conclusions reported in Table 1 are Atlas 14 design 
storms predicted under current conditions.  However, under a separate task, future 
storm events estimated to occur under climate change conditions will be evaluated. 
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Figure 2 �± Existing Conditions 1-Year, 60-Minute Storm 

 
 

Figure 3�± Future Conditions 1-Year, 60-Minute Storm 
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